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(57) ABSTRACT 

An adaptive ?lter may include a unitary ?lter, a combiner, and 
an error estimator. The unitary ?lter may include a feedback 
portion to generate a feedback output and a feed forward 
portion to generate a feed forWard output. The combiner may 
combine the feedback output and the feed forward output into 
a combined output. The error estimator may generate an error 
signal for the unitary ?lter based on the combined output. 

10 Claims, 3 Drawing Sheets 
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ADAPTIVE FILTER HAVING SHARED 
STRUCTURE 

BACKGROUND 

Implementations of the claimed invention generally may 
relate to schemes for canceling echoes or re?ections and, 
more particularly, to schemes for canceling echoes using 
adaptive ?lters. 
When using digital communication techniques in terres 

trial communication, fairly sophisticated equalization cir 
cuits may be needed to compensate for severe and/or long 
delayed re?ections (e.g., echoes). For single carrier protocols, 
for example, the equalizer may need to compensate for pre 
echoes and/or post-echoes (Which may also be called re?ec 
tions). As used herein, “pre-echoes” may be conceptualized 
as those signals of interest arriving earlier than an expected/ 
reference time (e.g., due to multipath effects), and “post 
echoes” may be conceptualized as those signals of interest 
arriving later than an expected/reference time (e.g., due to 
multipath effects). One possible approach for handling such 
echoes/re?ections may be to build an adaptive ?lter equalizer, 
With tWo branches (i.e., feed forWard and feedback branches) 
to compensate for pre-echoes and/or post-echoes. 

FIG. 1 illustrates a typical adaptive ?lter 100 according to 
such an approach. Filter 100 may include a feed forWard 
branch 110, a combiner 120, an error estimator 130, and a 
feedback branch 140. Combiner may combine the outputs of 
branches 110 and 140, and error estimator 130 may produce 
an estimated error betWeen its output and a desired or ideal 
output Without any echo. This estimated error may be used to 
adjust the coe?icients (e.g., characteristics) of branches 110 
and 140 to minimize the error (e.g., to adaptively ?lter the 
input signal). 

The length of feed forWard branch 110 may be based on an 
expected Worst case delay that is associated With a pre-echo. 
Similarly the length of feedback branch 140 may be based on 
an expected Worst case delay that is associated With a post 
echo. The lengths of branches 110 and 140 (and hence their 
delays) may be different. In this manner, the maximum delays 
associated With branches 110 and 140 may be su?icient for 
?lter 100 to cancel out the expected, Worst case pre-echoes 
and post-echoes that occur in the input signal. 

The ?xed lengths of branches 110 and 140, hoWever, may 
not be amenable to different communication channels, and 
may not be an optimal use of silicon resources on a device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate one or 
more implementations consistent With the principles of the 
invention and, together With the description, explain such 
implementations. The draWings are not necessarily to scale, 
the emphasis instead being placed upon illustrating the prin 
ciples of the invention. In the draWings, 

FIG. 1 illustrates a typical adaptive ?lter; 
FIG. 2 illustrates an exemplary adaptive ?lter consistent 

With the principles of the invention; and 
FIG. 3 illustrates an exemplary process of dynamically 

allocating resources in an equalizer. 

DETAILED DESCRIPTION 

The folloWing detailed description refers to the accompa 
nying draWings. The same reference numbers may be used in 
different draWings to identify the same or similar elements. In 
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2 
the folloWing description, for purposes of explanation and not 
limitation, speci?c details are set forth such as particular 
structures, architectures, interfaces, techniques, etc. in order 
to provide a thorough understanding of the various aspects of 
the claimed invention. HoWever, it Will be apparent to those 
skilled in the art having the bene?t of the present disclosure 
that the various aspects of the invention claimed may be 
practiced in other examples that depart from these speci?c 
details. In certain instances, descriptions of Well knoWn 
devices, circuits, and methods are omitted so as not to obscure 
the description of the present invention With unnecessary 
detail. 

FIG. 2 illustrates an exemplary adaptive ?lter 200 consis 
tent With the principles of the invention. Filter 200 may 
receive an input signal from any suitable medium, including 
but not limited to various transmission media. For example, in 
some implementations adaptive ?lter 200 may be included in 
an equalizer and/or digital demodulator. Although illustrated 
as separate functional elements for ease of explanation, any or 
all of the elements of adaptive ?lter 200 may be co-located 
and/or implemented by a common group of gates and/or 
transistors. Further, adaptive ?lter 200 may be implemented 
via softWare, ?rmWare, hardWare, or any suitable combina 
tion thereof. 

Adaptive ?lter 200 may include a common ?lter 210, ?rst 
sWitches 220, second sWitches 230, a combiner 240, an error 
estimator 250, and a controller 260. Although illustrated as 
discrete functional elements, certain ones of elements 210 
260 may be jointly implemented. For example, in some 
implementations one or more of error estimator 250 and/or 
controller 260 may be implemented by a general-purpose or 
speci?c-purpose processor executing software and/or ?rm 
Ware. Other speci?c implementations for elements 210-260 
are both possible and contemplated. 
Common ?lter 210 may include multiple ?ltering stages 

along its length that are accessible by multiple taps. These 
taps may permit inputting signals into and/ or outputting sig 
nals from different points along ?lter 210. Common ?lter 210 
may ?lter according to adjustable coef?cients, and may 
impart up to a total delay that is proportional to its length (e. g., 
number of stages). Common ?lter 210 may adjust its coef? 
cients proportionally to the error signal received from error 
estimator 250. 
Common ?lter 210 may receive an input signal to be ?l 

tered at its input end, and may output a feedback output signal 
to combiner 240 at its output end that is opposite its input end. 
In some implementations, common ?lter 210 may output a 
feed forWard output signal at one of its taps via ?rst sWitch 
220, as Will be explained in greater detail beloW. In some 
implementations, common ?lter 210 may receive a feedback 
input signal at one of its taps via second sWitch 230, as Will be 
explained in greater detail beloW. 

First sWitch 220 may be arranged to connect any tap of 
common ?lter 210 to combiner 240. First sWitch 220 may 
include, for example, a digital sWitch, multiplexer, or any 
suitable structure to connect a feed forWard output signal 
from common ?lter 210 to combiner 240. For ease of refer 
ence, ?rst sWitch 220 may connect to the “nth” tap of common 
?lter 210, Where n is an integer in ranging from one to K, the 
total number of taps associated With ?lter 210. 

In this manner, ?rst sWitch 220 may cause the left-most 
portion of common ?lter 210 (i.e., from its input to tap n) to 
behave as a feed forWard ?lter, like ?lter 110 shoWn in FIG. 1. 
The pre-echo in the input signal that is able to be compensated 
for by this ?rst portion, de?ned by ?rst sWitch 220, of com 
mon ?lter 210 may range from zero to the total delay of ?lter 
210, depending on Which tap n ?rst sWitch 220 connects to. It 
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should be noted, however, that in some implementations, ?rst 
switch 220 may not connect a tap of common ?lter 210 to 
combiner 240, which may effectively remove the feed for 
ward branch of adaptive ?lter 200. 

Second switch 230 may be arranged to connect error esti 
mator 250 to any tap of common ?lter 210. Second switch 230 
may include, for example, a digital switch, multiplexer, or any 
suitable structure to connect a feedback input signal from 
estimator 250 to common ?lter 210. With reference to the 
earlier description of ?rst switch 220, second switch 230 may 
connect to the “(n+l)th” tap of common ?lter 210, where the 
nth tap of ?lter 210 is connected to by ?rst switch 220. Of 
course, other tap positions (e.g., n+2, n+3, etc.) are possible 
for second switch 230 that avoid overlap with the portion of 
?lter 210 used by ?rst switch 220, but an immediately adja 
cent tap (i.e., the (n+l)’h tap) may maximiZe the delay com 
pensation available to the portion of ?lter 210 used by second 
switch 230. 

In this manner, second switch 230 may cause the right 
most portion of common ?lter 210 (i.e., from tap n+1 to its 
output) to behave as a feedback ?lter, like ?lter 140 shown in 
FIG. 1. The post-echo in the input signal that is able to be 
compensated for by this second portion, de?ned by second 
switch 230, of common ?lter 210 may range from Zero to the 
total delay of ?lter 210, depending on which tap n+1 second 
switch 230 connects to. It should be noted, however, that in 
some implementations, second switch 230 may not connect 
estimator 250 to a tap of common ?lter 210, which may 
effectively remove the feedback branch of adaptive ?lter 200. 

Because the reference tap n (and also n+1) may be altered 
by switches 220 and 230, the operating point of common ?lter 
210 may be varied to accommodate different worst-case pre 
echoes and post-echoes. Further, the “pooling” of ?ltering 
resources in common ?lter 210 enables either a greater range 
of pre- and post-delay ?ltering with the same total ?lter length 
(e.g., ?lter 210 and the sum of ?lters 110 and 140), the same 
range of pre- and post-delay ?ltering with a smaller length for 
common ?lter 210 than the sum of ?lters 110 and 140, or 
some combination thereof. Thus, in addition to a greater 
possible range in worst-case echo coverage, adaptive ?lter 
200 may consume less on-die area (and hence less power) in 
a device (e.g., a demodulator). 

Combiner 240 may include logic to arithmetically combine 
the feedback output from common ?lter 210 and the feed 
forward output from ?rst switch 220. In some implementa 
tions, combiner 240 may include an analog or digital adder. In 
some implementations, however, combiner 240 may include 
a subtracter, depending on how adaptive ?lter 200 is 
designed. 

Error estimator 250 may estimate a difference (e. g., an 
error) between an expected or desired value for a equalizer 
output signal and the actual value from combiner 240. This 
error value may be used by common ?lter 210 to alter its 
coef?cients to adaptively reduce the amount of error. Error 
estimator 250 may estimate such error using any one of a 
number of now-known or later-developed schemes for doing 
so, including but not limited to blind estimation, decision 
directed estimation, or training sequences. For blind estima 
tion, for example, error estimator 250 may use some prede 
termined criteria (e.g., least mean square values, etc.). Deci 
sion-directed estimation may compare the output of adaptive 
?lter 200 to several possible values or outcomes to determine 
the error. In some implementations, a training sequence may 
be sent periodically so that the ?ltering error may be deter 
mined with certainty. 

Whatever scheme for estimating error, error estimator 250 
may output an error signal to common ?lter 210 for use in 
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4 
adjusting its characteristics (e.g., its ?lter coef?cients) The 
error signal may enable common ?lter 210 to cancel out, for 
example, a range of pre-echoes and/or post-echoes by adjust 
ing its delay characteristics. 

Error estimator 250 outputs the feedback input signal to 
second switch 230. In some implementations, this feedback 
input signal may include the output of adaptive ?lter 200. In 
some implementations, however, this feedback input signal 
may include a prior output of ?lter 200. In some implemen 
tations (e.g., for blind estimation), error estimator 250 may 
send no feedback input signal to second switch 230. 

Controller 260 may be connected to ?rst switch 220 and 
second switch 230 to select the point(s) n (and hence n+1) 
along common ?lter 210 at which these switches are con 
nected. Although not explicitly shown in FIG. 2, controller 
250 may also be connected to one or more of the input of ?lter 
210, the coef?cients of ?lter 210, and/or any output of error 
estimator 250 to obtain data on which to base its selection of 
the points n and n+1. 
As will be explained in greater detail below, controller 260 

may use channel estimation, sensing the coef?cients of ?lter 
210, or any other suitable scheme for determining how to set 
switches 220 and 230. In such a manner, controller 260 may 
dynamically allocate the delay of common ?lter 210 between 
the feedback branch and the feed forward branch of adaptive 
?lter 200 to accommodate various pre-echoes and post-ech 
oes in the input signal. In some implementations, controller 
260 may make such a measurement-based adjustment of 
switches 220 and 230 upon the initial reception of an input 
signal from a communication channel. In some implementa 
tions, controller 260 may make such a measurement-based 
adjustment of switches 220 and 230 from time to time (e.g., 
periodically, but not necessarily so), possibly depending on 
changing channel conditions and/or conditions of ?lter 210. 
In some implementations, controller 260 may select lengths 
of each branch of ?lter 200 based on some historical data of 
such a channel. 

FIG. 3 illustrates an example process 300 of dynamically 
allocating resources in an equaliZer. Although FIG. 3 may be 
described with regard to adaptive ?lter 200 in FIG. 2 for ease 
and clarity of explanation, it should be understood that pro 
cess 300 may be performed by other hardware and/or soft 
ware implementations. 

Processing may begin by controller 260 measuring one or 
more signals that are indicative of echoes in a communication 
channel through which the input signal travels [act 310]. In 
some implementations, act 310 may be performed based on a 
known pattern in the received signal to ?lter 210. Purely as 
one example, in the Advanced Television System Committee 
(ATSC) technical standard, a received signal may contain a 
periodic known pattern of length 812 symbols every 24 msec. 
This “Field Sync” known signal (and/or others like it) has 
high immunity against noise and/or distortion and may be 
detected relatively easily by controller 260. With knowledge 
of the transmitted sequence (e.g., the known pattern), and the 
received one, controller 260 may estimate the strength of 
different echoes and their locations (at least the stronger 
ones). 

In some implementations, act 310 may be performed based 
on the coef?cients of common ?lter 210. Controller 260, for 
example, may determine the magnitudes (e. g., relative or 
absolute magnitudes) of the coef?cients corresponding to the 
feedback and feed forward portions of ?lter 210. Based on 
such coe?icient magnitudes, controller 260 may determine 
the current (and possibly the past also) pre-echoes and post 
echoes being canceled by ?lter 210. Although such coef? 
cient measuring and “channel estimation” described above 
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may be tWo exemplary schemes for act 310, any other suitable 
scheme for determining echoes in the input signal may be 
employed in act 310. 

Processing may begin by controller 260 allocating the total 
delay of common ?lter 210 betWeen feedback and feed for 
Ward paths based on the measurement in act 310 [act 320]. In 
act 320, controller 260 may change the lengths of the respec 
tive paths via ?rst and second sWitches 220 and 230. In some 
implementations, the length of one path (either feedback or 
feed forward) may be Zero. 

In some implementations, act 320 may determine hoW 
much delay (e. g., length of ?lter 210) to assign to a particular 
feedback or feed forWard path by the strongest (e. g., highest 
magnitude) echo. For example, controller 260 may allocate 
suf?cient delay/ length to ensure cancellation of the strongest 
echo, pre or post, and allocate the remainder to the other 
branch of ?lter 210. In some implementations, act 320 may 
allocate excess ?lter length (e. g., beyond that needed to can 
cel out measured delays) roughly equally betWeen the feed 
back and feed forWardportions of common ?lter 210. In some 
implementations, hoWever, controller 260 may allocate the 
excess delay in a predetermined, unequal fashion (e.g., 25 or 
50 percent more for the feedback path via sWitch 230). Other 
schemes for hoW to apportion common ?lter 210 are both 
possible and contemplated. 

In some implementations, acts 310 and 320 may be per 
formed once, for example upon initialiZation of adaptive ?lter 
200 or at the start of receiving the input signal. In some 
implementations, hoWever, it may be desirable to optionally 
(hence the dotted lines in FIG. 3) re-apportion common ?lter 
21 0 betWeen the feedback and feed forWard branches. In such 
implementations, controller 260 may determine Whether a 
change in conditions has occurred that Warrants repeating 
acts 310 and 320 [act 330]. When such a condition occurs, 
acts 310 and 320 may be optionally repeated. 

In some implementations, for example, the change in con 
ditions may be sWitching to a different communication chan 
nel by the demodulator in Which adaptive ?lter 220 resides. In 
some implementations, for example Where the paths are 
updated from time to time (e.g., periodically, but not neces 
sarily so), the change in conditions in act 330 may be the 
passage of a predetermined amount of time. Other conditions 
Which may Warrant re-allocation of common ?lter 210 are 
possible. 

The foregoing description of one or more implementations 
provides illustration and description, but is not intended to be 
exhaustive or to limit the scope of the invention to the precise 
form disclosed. Modi?cations and variations are possible in 
light of the above teachings or may be acquired from practice 
of various implementations of the invention. 

For example, even though adaptive ?lter 200 and/or pro 
cess 300 may be used in the context of digital communication, 
it is also applicable in any echo cancellation context. Also, 
although FIG. 2 shoWs a ?rst portion of ?lter 210 as the feed 
forWard branch and a second portion of ?lter 210 as the 
feedback path, the functions of these tWo portions may be 
reversed by a different arrangement of the elements and/or 
inputs of FIG. 2. Moreover, although not explicitly shoWn in 
FIG. 2, adaptive ?lter 200 may be located Within a demodu 
lator (e. g., including a mixer, analog-to-digital converter, 
decoder, etc.) or other signal processing device (e.g., receiver, 
tuner, telephony device, etc.) Where multipath effects are to be 
compensated for. 

Also, although in some implementations, sWitches 220 
and/or 230 may be connected to every tap of ?lter 210, in 
other implementations sWitches 220 and/or 230 may not be 
connected to every tap of ?lter 210. For example, sWitches 
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6 
220 and/or 230 may be connected to only every m taps (m 
being an integer greater than one) of ?lter 210, based on some 
desired or otherWise convenient resolution. 

Further, at least some of the acts in FIG. 3 may be imple 
mented as instructions, or groups of instructions, imple 
mented in a machine-readable medium. 

No element, act, or instructionused in the description of the 
present application should be construed as critical or essential 
to the invention unless explicitly described as such. Also, as 
used herein, the article “a” is intended to include one or more 
items. Variations and modi?cations may be made to the 
above-described implementation(s) of the claimed invention 
Without departing substantially from the spirit and principles 
of the invention. All such modi?cations and variations are 
intended to be included herein Within the scope of this dis 
closure and protected by the folloWing claims. 

What is claimed: 
1. An apparatus, comprising: 
a common ?lter to receive a ?rst input signal into a ?rst 

portion thereof and to output a ?rst output signal from a 
second portion thereof, the common ?lter having a plu 
rality of shared ?lter stages, Wherein each shared ?lter 
stage canbe allocated to either one of the ?rst and second 
portions; 

a ?rst sWitch to extract a second output signal from the ?rst 
portion of the common ?lter; 

second sWitch to input a second input signal into the second 
portion of the common ?lter; and 

a combiner connected to the ?rst sWitch and the common 
?lter to combine the ?rst output signal and the second 
output signal into a combined output signal. 

2. The apparatus of claim 1, Wherein the ?rst portion and 
the second portion of the common ?lter are adjacent. 

3. The apparatus of claim 1, Wherein the ?rst output signal 
is a feedback output and Wherein the second output signal is 
a feed forWard output. 

4. The apparatus of claim 1, further comprising: 
an error estimator to estimate an error in the combined 

output signal and to provide a corresponding error signal 
to the common ?lter. 

5. The apparatus of claim 4, Wherein the error estimator is 
also arranged to provide the second input signal to the second 
sWitch. 

6. The apparatus of claim 1, further comprising: 
a controller to control the ?rst sWitch and the second sWitch 

to control a location of the second output signal along the 
common ?lter and a location of the second input signal 
along the common ?lter. 

7. An adaptive ?lter, comprising: 
a unitary ?lter, including: 

a plurality of ?lter stages, 
a feedback portion to generate a feedback output, and 

a feed forWard portion to generate a feed forWard output, 
Wherein any one of the ?lter stages can be allocated to 
any one of the feedback portion and the feed forWard 
portion; 

a combiner to combine the feedback output and the feed 
forWard output into a combined output; 

an error estimator to generate an error signal for the unitary 
?lter based on the combined output; and 

a feedback selector to select a portion of the ?lter stages for 
the feedback portion and to provide a feedback input 
signal to the feedback portion. 
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8. The adaptive ?lter of claim 7, wherein the feedback 
portion and the feed forward portion of the unitary ?lter do 
not overlap. 

9. The adaptive ?lter of claim 7, further comprising: 
a controller to select the length of the feed forward portion 5 

based on a measured signal. 

8 
10. The adaptive ?lter of claim 7, further comprising: 
a feed forWard selector to select a portion of the ?lter stages 

for the feed forWard portion and to provide the feed 
forWard output to the combiner. 

* * * * * 


